Background The majority of deaths during conflict and displacement are due to indirect causes, specifically infectious diseases. Although the control of communicable diseases and epidemics is one of the top priorities during humanitarian crises, little has been published about epidemics in refugee camps. In this article we analyze data from the health information system managed by the United Nations High Commissioner for Refugees (UNHCR) capturing key public health information from camps. We provide insights into the epidemiological profile and overall burden of epidemics in these settings in order to inform decisions on priority interventions.
Methods
We used data from UNHCR Health Information System and conducted a descriptive analysis of outbreaks between January 2009 to July 2017 in terms of frequency, geographical distribution, duration, size, case fatality, attack rate, and type of outbreaks.
Results A total of 364 outbreaks occurred in 21 countries, affecting 108 refugee camps. Seventy-five percent of epidemics were due to measles, cholera, meningitis; 70% of them occurred in three countries (Kenya, Chad, Thailand). Fifty percent of the camps recorded <1 outbreak/year, while 90% of camps experienced one or two types of diseases. Half of the outbreaks lasted less than one month and had fewer than 10 cases.
Conclusions UNHCR and partners appear to be successfully containing infectious disease epidemics in refugee camps. Preventive measures addressing water, sanitation, hygiene and shelter conditions could nevertheless reduce the risk for water and air-borne diseases. Vaccination remains a key preventive strategy that needs to be enhanced and adapted to such mobile populations.
By the end of 2017, 68.5 million people were forced to flee their homes as a result of persecution, conflict or generalized violence (1) . Of these, 40 million remained within their national borders and are internally displaced persons (IDPs), 25.4 million crossed borders and are refugees and another 3.1 million are asylum seekers.
Conflict and displacement are a recognized public health risk by concomitantly increasing population vulnerability and reducing the system's response capacity (2, 3) . The majority of deaths in conflict and displacement are due to indirect causes, specifically infectious diseases (4) . Therefore, control of communicable diseases and epidemics has been identified as one of the top ten priorities during the emergency phase of humanitarian crises since the 90s (5, 6) .
Factors such as overcrowding, poor water and sanitation conditions, lack of vaccination, delayed diagnosis and reduced access to treatment can lead to increased occurrence, severity and case fatality of infectious diseases. However, impact and mechanisms differ according to displacement settings. Access to affordable health services tends to be a major challenge for displaced people settling outside of camps, while persons within camps can be at higher risk of infections due to overcrowding (7) . Furthermore, displaced persons are often more vulnerable to epidemics during the early stages of displacement, reflecting both the precarious conditions from which they flee and the challenges in accessing care. Over time, health status of in-camp population tends to improve, while that of out-of-camp populations varies according to different contexts (7) .
Little has been published about epidemics in refugee camps (8) , despite the existence of a comprehensive routine health information system (HIS) managed by the United Nations High Commissioner for Refugees (UNHCR) capturing key public health information from camps. The analysis of such a global database has the potential to provide insights into the epidemiological profile and overall burden of epidemics in these settings in order to inform decisions on priority interventions.
This article aims to fill this gap by analyzing UNHCR's data from its global HIS (9) that focuses on epidemics in refugee camps between January 2009 and July 2017. To our knowledge, this is the first analysis of such a comprehensive global database on epidemics in refugee camps.
METHODS

Data
We used data from the UNHCR's HIS. This is a standardized tool that UNHCR and its partners have developed and implemented since 2005 to ensure evidence-based program and policy formulation, and ultimately improve the health status of displaced population; it includes routine collection of data on 10 topics: population, mortality, morbidity, inpatient and referral services, laboratory, disease control, immunization, nutrition, reproductive health and HIV/AIDS (9) .
UNHCR has defined a list of diseases with outbreak potential and assigned a corresponding weekly alert threshold (10) . Reaching the threshold triggers the declaration of an outbreak and its reporting. A "closed outbreak report" is prepared by UNHCR Health Officers in the affected camp when the outbreak is declared as concluded. For this specific analysis, we extracted information from the HIS that pertained to all closed outbreaks over the period January 1 st , 2009 to July 31 st 2017, from all refugee camps worldwide where the HIS was functioning. Variables included name of country, name of camp, number of cases, number of deaths, date of reporting. Camp population size from UNHCR population statistics was added (11) . Table 1 reports the diseases included in this analysis as per UNHCR standardized list. Each disease has a standard case definition based on both clinical symptoms and laboratory results (where needed) and an alert threshold (12) . The incubation period for each disease as per World Health Organization (WHO) guidance (13) when available is provided as well in Table 1. The incubation period of Hepatitis E (2-10 weeks) was applied for Acute Jaundice syndrome (AJS) as AJS is used to define suspected cases of Hepatitis E in humanitarian settings or where laboratory confirmation is unlikely (14) (15) (16) . In case of multiple possible etiologies for the same condition (e.g., rotavirus, norovirus, Escherichia Coli or cholera for watery diarrhea (17-20); respiratory syncytial virus (RSV), rhinovirus and adenovirus for Influenza Like Illness) (21, 22) , the longest disease incubation period was used.
Diseases, definition and duration of outbreak
We applied UNHCR's thresholds and excluded weeks that did not meet the criteria. When a threshold was defined compared to baseline (for example, 1.5 times the baseline), we accepted the HIS entries as no baseline data were available.
An outbreak was considered as concluded if no new cases occurred for twice the upper limit of the incubation period, regardless of the disease. The duration of an outbreak was calculated in days from the day when the first case was reported to the day the last case was reported. Given that the reporting was conducted on a weekly basis, to be most conservative, we added 7 days to the end of each outbreak.
Case fatality proportion was calculated as the number of deaths over the number of cases. The attack rate was calculated as the number of cases over the camp population at the end of the year when the outbreak occurred, as the camp population size at the beginning of the outbreak was not available.
Analysis
We conducted a descriptive analysis of the outbreaks, focusing on frequency, geographical distribution, duration, size, case fatality, attack rate and type of outbreaks. Analysis was conducted in Stata (version 15) (23). Data were mapped using ArcGIS by ESRI, release 10.5 (24) .
Ethical considerations
This study was deemed as 'non-human subject research' and exempted from ethical clearance by Johns Hopkins Institutional Review Board.
RESULTS
UNHCR's HIS is consistently in place in all sites with more than 10,000 refugees, covering 67% of the total refugee population living in camps. It was used in 16 countries and 76 refugee camps in January 2009 and 22 countries and 135 refugee camps in 2017. A total of 364 outbreaks occurred between January 2009 and July 2017 in 21 countries, affecting 108 refugee camps (Figure 1) . Three quarters (75%) of the epidemics were due to three diseases (measles, cholera and meningitis). Two-thirds (66%) of the overall number of cases were due to measles, cholera and influenza. Seventy-one percent (71%) of epidemics occurred in three countries (Kenya (28%), Chad (27%) and Thailand (16.5%)), while 50% of the total cases were reported in Thailand (22.1%), Kenya (17.6%) and South Sudan (13.8%) (Figure 2) . Ifo (Kenya), Mae La (Thailand) and Hagadera (Kenya) camps reported 25 (6.9%), 22 (6%) and 21 (5.8%) of the 364 epidemics, respectively. Fifty per cent (50%) of the camps recorded less than 5 outbreaks over the entire period of 8.5 years (ie. less than one outbreak per year). The large majority of the camps (90%) experienced one or two types of disease outbreaks. Only two camps (Hagadera (Kenya) and Mae La (Thailand)) experienced six and seven different diseases, respectively. Table 2 reports average duration, size, attack rate and case fatality rate (CFR) by disease. These varied depending upon the disease. The shortest outbreaks were due to Shigella (average length 12 days) and the longest were due to Hepatitis E (292 days on average). In terms of size, Poliomyelitis and Meningitis had the smallest number of cases (5 cases on average), while the largest were due to Giardiasis, Watery Diarrhea and Influenza-like Illness (825, 674 and 552 cases on average, respectively). 
DISCUSSION
This retrospective analysis of UNHCR HIS data examines epidemics that occurred in refugee camps worldwide between January 2009 and July 2017. Overall, results were encouraging: half of the camps experienced less than one outbreak per year; outbreaks tended to be rather short and small in size; and CFRs and attack rates were low. Yet, some useful lessons can be drawn from this review to strengthen infectious disease prevention in refugee camps.
The three leading diseases that caused epidemics (measles, cholera and meningitis) are vaccine-preventable; of these, only measles vaccine is provided universally in humanitarian responses and in countries' Expanded Immunization Program. The occurrence of measles outbreaks points to immunization coverage gaps. UNHCR has already expanded the measles vaccination age to include older children up to 15 years who might have never been vaccinated (25) , but more systematic inclusion of adolescents and adults may be necessary in certain contexts as documented in Kenya, Tanzania and Sudan (26) (27) (28) waiting for a measles mass vaccination campaign to be organized. Enhancing mobile outreach teams and measles vaccination at screening and registration points may be a more systematic and cost-effective way to increase coverage.
The use of oral cholera vaccine (OCV) in emergencies is becoming more common despite the limited existing stockpile, the logistical capacity required, and the dearth of evidence on the most cost effective cholera intervention (29, 30) . WHO recommends the vaccine in endemic areas, in humanitarian crises with high risk for cholera epidemics, and during existing cholera outbreaks, always being complementary to prevention and control measures (31) . In refugee camps, the focus has been on preventive measures to ensure potable water, sanitation and hygiene (WASH) (25) . In fact, while OCV has proven to be an effective short and medium term solution, investments in water and sanitation infrastructure together with hygiene promotion would ensure sustained and broader achievements, even beyond health (30) . However, given the upfront costs of building infrastructure, as well as possible barriers to behavior change that can influence the acceptability of WASH interventions, implementation of OCV may represent the quickest and most cost-effective solution to reduce morbidity and mortality from cholera outbreaks in emergencies. Further discussion is needed as to whether OCV should be automatically provided to refugees in camps that are located in cholera prone areas, as is done for measles.
Major progress has been made in the fight against Meningitis in recent years (32) . The development and the deployment of a new serogroup A meningococcal conjugate vaccine in mass vaccination campaigns as well as the expansion of vaccination country programs to include meningococcal A vaccine were the major contributors to this result, especially in the meningitis belt. Here, the number of cases due to serogroup A dropped dramatically (33) . Displaced population need to be included in this effort, both to ensure equitable access to health services and to contribute to the global defeating of meningitis A. So far, reactive vaccination campaigns with a polysaccharide vaccine have been used to control epidemics. Similarly, as for OCV, further discussion is needed about the feasibility of routinely provide meningococcal A vaccine to refugees, at least in the meningitis belt.
The occurrence of poliomyelitis cases in numerous conflict and forced displacement settings show how vulnerable camps and host countries are to the disease until poliovirus circulation is eliminated in all countries. Polio epidemics occurred in six camps: one in Chad, two in Thailand, and three in the Dadaab complex in Kenya. Thailand and Chad each reported only one case, showing that the probable high population immunity did not allow for the virus to spread. However, the 2013 outbreak in Dadaab extended over several weeks, spread over three camps and reported 34 cases. A large influx of unvaccinated Somalis into the camps, insufficient vaccination coverage of those already in the camp, and poor sanitation conditions likely contributed to the spread of the virus. Mop-up campaigns took place within days and subsequent OPV subnational campaigns within a few months (34) . In such contexts, surveillance and vaccination coverage should be enhanced by strengthening screening for new arrivals and ensuring full vaccination for newborn and children, while addressing existing water and sanitation infrastructure and programs.
Three camps (Ifo (Kenya), Mae La (Thailand) and Hagadera (Kenya)) are particularly vulnerable to outbreaks, likely because of their large population sizes and numerous influx of refugees over time (over the study period, population fluctuated between 70,000 and 118,000 in Ifo; between 25,000-47,000 in Mae Lae; and between 71,000 and 122,000 in Hagadera). However, the attack rates show that they performed better than many smaller camps that experienced fewer outbreaks. Possibly, the fact that these camps have existed for more than 20 years (Ifo and Hagadera were established in 1991-1992 and Mae La in 1984) plays a role. They have evolved into naturally grown town with extensive health services (provided by community health workers, health posts, and referral hospitals) and general infrastructure in place that seem to be successful in containing and preventing outbreaks.
The relatively limited variability of different epidemics over time in each camp likely reflects both disease endemicity and successful prevention strategies. Most camps had to ad-dress the same type of outbreak during the period under consideration. This should pave the way for targeted interventions addressing the specific disease and transmission route. The number of diseases with a fecal oral transmission route highlight how difficult it is to achieve satisfactory WASH conditions in camps. The few studies that have been conducted in refugee camps showed that challenges exist at different levels. For example, access to water and soap alone does not guarantee actual handwashing behavior. Level of knowledge about the practice as well as alternative preferred utilization of soap (such as laundry) play a role in achieving the actual behavior (35, 36) . Ensuring soap availability and testing new approaches to increase awareness seem warranted. Similarly, overcrowding and poor housing conditions are a second major risk factors for transmission of diseases like measles, meningitis, and influenza (28, 37) . While camp design standards exist (25) , underfunding of the majority of the crises, particularly over time, limit what can be achieved in many settings. Furthermore, the reluctance to consider camps as homes rather than transitory spaces hinders investments in more stable and healthier solutions. As the majority of refugees live in protracted situations outside of camp settings (1), a major challenge is to ensure safety and dignity while working to integrate refugees into host communities with the goal of improving services to both communities.
There are a number of limitations in this study. First, UNHCR HIS covers only refugee camps with a population higher than 10,000. Smaller camps and refugees living outside of camps are therefore not included. This might introduce bias in our analysis, as conditions in smaller camps might differ (although it is not straightforward how). The "closed outbreak reports" used in this analysis do not include disaggregated data by age and sex as these details are available only at camp level and are not aggregated at global level. Our analysis was therefore limited in both scope and depth.
Secondly, context might influence what is reported. Influenza-like Illness cases were recorded only in Thailand and Nepal, probably due to the increased attention on the Avian Influenza outbreak in the Asia-Pacific region at the time. However, UNHCR's standardized list of diseases that are included in the HIS limits some of this reporting bias. Context also impacts the way in which outbreaks are announced. Misclassification of particularly sensitive diseases (like cholera being labeled as acute watery diarrhea) for political reasons is therefore possible. Furthermore, declaring an outbreak as closed is context-and disease-specific. We applied the rule of doubling the incubation period in our analysis for all diseases to be consistent, however, this is not always done in practice. For example, early this year South Sudan waited for seven weeks to declare a cholera epidemic as over (38) , well beyond twice the 5 day incubation period. Effort to standardize such practices in the future would be welcome. Finally, mortality from these epidemics appears low. While CFR might have been underestimated if deaths occurred after the outbreak was declared over (and therefore not attributed to the outbreak), we believe this possible reporting bias is limited by the existence of the HIS itself that aims capturing both cases and deaths. Such low mortality likely reflected overall good conditions in camps, many of which have been in place for decades.
Despite these limitations, the existence of a standardized health information system is valuable for both the host country and humanitarian actors in their effort to provide evidence-based assistance to displaced population. It allows to assess and monitor health needs, define priorities, as well as monitor the implementation and integration of activities targeting both the host and refugee populations. Efforts to provide disaggregated data at global level as well as additional contextual factors to better understand drivers of health outcomes are welcome.
CONCLUSION
UNHCR and its partners appear to be successfully containing infectious disease epidemics in refugee camps. Preventive measures addressing WASH and shelter conditions could nevertheless reduce the risk for water and air borne diseases. Vaccination remains a key preventive strategy that needs to be enhanced and adapted to such mobile populations according to context.
